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Are there benefits of low doses of ACE inhibitors, MRAs,
diuretics and statins in the treatment of heart failure?

V. A. Lysenko'=*

Zaporizhzhia State Medical University, Ukraine

Treatment of chronic heart failure (CHF) is very controversial. The issue of optimal doses of beta-blockers, ACE inhibitors, aldosterone
receptor antagonists, statins in patients with CHF has not been conclusively addressed. Achieving the maximum tolerated doses of drugs,
though related to reduced mortality, but is accompanied by an increase in adverse drug reactions.

The aim. To present and discuss our own clinical and scientific data concerning the role of beta-blockers and inhibitors of the renin-
angiotensin aldosterone system, diuretics, statins in the treatment of CHF patients and optimization of dosage schemes.

Material and methods. The study included 88 patients with CHF of ischemic origin, with sinus rhythm, stage Il AB, NYHA FC II-1V,
58 — with reduced LV EF (HFrEF) and 30 — with preserved LV EF (HFpEF). The mean age of patients was 69.18 + 9.97 years, men
52 % (n = 46). The median follow-up of the CHF patients was 396 days, the maximum number of follow-up days was 1302. During
the observation period, 14 endpoints were registered, which accounted for 15.91 % of events: 7 deaths (8.0 %), 2 strokes (2.3 %),
2 cases of acute coronary syndrome (2.3 %), 3 progressive heart failure cases (3.4 %). Kaplan—-Mayer curves were drawn to assess
survival rate, and the significance of difference between groups was calculated by the criteria of Gehan—Wilcoxon, Cox—Mantel and log-
rank test. Risk factors were determined, and prognostic uni- and multi-variant Cox proportional hazards regression models were used.
The cut-off values of quantitative risk factors were obtained by ROC analysis.

Results. The increase in the relative risk of adverse cardiovascular events in the CHF patients regardless of LV EF was associated
with a daily carvedilol dose of more than 25 mg (HR = 1.05; 95 % CI 1.009-1.093; P = 0.0171); eplerenone — more than 12.5 mg
(HR = 1.073; 95 % Cl 1.005-1.144; P = 0.034), torasemide — more than 5 mg (HR = 1.13; 95 % CI 1.021-1.255; P = 0.019);
rosuvastatin —more than 10 mg (HR = 1.107; 95 % CI 1.007-1.203; P = 0.035), and the trend in using atorvastatin at a dose of less
than 10 mg (HR = 1.05; 95 % CI 0.951-1.165; P = 0.327). The use of ramipril in a daily dose of less than 2.5 mg was accompanied
by a trend towards the 22 % reduced relative risk of adverse cardiovascular events (HR = 0.78; 95 % CI 0.384-1.580; P = 0.491).

Conclusions. Positive treatment outcomes in the CHF patients, regardless of the phenotype, were associated with low daily doses
of ramipril (<2.5 mg), eplerenone/spironolactone (<12.5 mg), torasemide (<5.0 mg), rosuvastatin (<10.0 mg), but with high doses of
atorvastatin (>10.0 mg).
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Yu icHytoTb nepeBaru HU3bkuUx Ao3 IAM®, AMP, giypeTukis i cTaTMHIB nig Yac nikyBaHHA XPOHIYHOI cepLieBOi HeJoCTaTHOCTI?
B. A. JluceHko

NikyBaHHs XpoHi4HOT cepueBoi HepgocTaTHocTi (XCH) pyxe cynepeunuse. MuTtaHHS Npo onTuManbHi fLo3u 6eTa-agpeHobnokaTopis, iH-
ribitopis AMN®, aHTaroHICTiB peLlenTopiB anbhOCTEPOHY, CTaTUHIB Y nauieHTiB i3 XCH ocTaTo4Ho He BupilLeHe. [loCArHeHHs MakcumansHO
NePEHOCHMX 403 NiKiB X04a 1 MOB’A3aHe 3i 3HKEHHAM CMEPTHOCTI, ane CynpoBOMAXYETbCA 30inbLUeHHAM NobiyHnX edpekTiB npenaparis.

Meta po6oTy —HaBECTU 1 06roBOPUTM BNACHI KMiHiYHI Ta HAYKOBI AaHi, O CTOCYOTbCS poni 6eTa-aapeHobnokaTtopis, iHribiTopiB peHiH-aH-
riOTEH3MHOBOI anbOCTEPOHOBOI CUCTEMMU, AiyPETUKIB, CTAaTWHIB Y MiKyBaHHi xBopux Ha XCH, a Takox onTumisadii pexumis 403yBaHHS.

Matepianu Ta meToau. Y gocnimxeHHs 3anyyunu 88 xsopwx Ha XCH iuemiyHoro reHesy 3 cuHycosum putmom, Il A-B ctapii, II-1V K 3a
NYHA: 58 ocib 3i sHimkeHoto ®B, 30 — 3i 36epexeroto PB nisoro wnyHouka. Cepepiii Bik xBopux —69,18 + 9,97 poky, 52 % 4vonosikis
(n = 46). MegiaHa cnoctepeeHHs 3a xBopuMu Ha XCH ctaHoBuna 396 AHiB, MakcumMarbHa KinbkicTb AHIB cnocTepexeHHs — 1302.
3a nepiop cnocTepekeHHs 3apeecTpyBanu 14 KiHLEBKX TOHOK, Lo cTaHoBuno 15,91 % nogiit: 7 (8 %) cmepteit, 2 (2,3 %) iHcynsTy, 2
(2,3 %) BuNagku roctporo kopoHapHoro cuHapomy, 3 (3,4 %) BUNagku NporpedieHTHOI cepLeBoi HedoCTaTHOCTI. BuxuBaHiCTb OLjiHIo-
BanM WNsAxoM noBynosm kpuenx KannaHa-Maepa, BiporifgHicTb pisHMLi Mix rpynamu pospaxysani 3a kputepismu [ eraHa—BinkokcoHa,
Kokca—MaHTena Ta log-rank test. BuaHaumnu daktopu puauky Ta nobyaysanu yHi- Ta MynbTMBapiaHTHI MOZeni NPOrHo3y perpecinHim
aHanisom nponopuiHux puankie Kokca. ROC-aHanisaoM BCTaHOBINEHO rpaHNYHi 3HAYEHHS KiNbKICHUX (haKTOpiB PU3KKY.
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PesynikraTi. 36inblUeHHs BiZHOCHOTO PU3NKY HECTIPUSTIIMBUX KapAioBackynspHWX nogin y xsopux Ha XCH HesanexHo Big ®B nisoro
LUSTYHOYKa acoLitoBanocs 3 4060BO 403010 kapsedinony noHas 25 mr (BP = 1,05; 95 % [l 1,009-1,093; p = 0,0171); ennepeHoHy
noHag 12,5wmr (BP = 1,073;95 % [l 1,005-1,144;p = 0,034), Topacemigy noHag 5 mr (BP = 1,13;95 % [11,021-1,255;p = 0,019);
posysactatuHy noHag 10 mr (BP = 1,107; 95 % I 1,007-1,203; p = 0,035), TeHOeHLjet0 B pasi 3acTOCYBaHHS aTopBacTaTuHy B 03
meHwe Hix 10 mr (BP = 1,05; 95 % [l 0,951-1,165; p = 0,327). 3actocyBaHHs paminpuny B 4OOOBIN A03i MEHLUE HiX 2,5 Mr cynpo-
BO)KYBarioCb TEHAEHLIEIO0 00 3MeHLUeHHS Ha 22 % BiZAHOCHOMO PU3UKY HeCNpUSTAMBKX kapaioBackynspHux nogin (BP = 0,78; 95 %
[10,384-1,580; p = 0,491).

BucHoBku. Mo3uTtnBHI pesynsTtaTy nikyBaHHa XBopux Ha XCH He3anexHo Big deHoTMny acowjitoBaniucs 3 H1U3bkumm oboBUMM [o3amu
paminpuny (<2,5 mr), ennepeHoHy/cnipoHonakToHy (<12,5 mr), Topacemiay (<5 mr), posysactatuHy (<10 Mr), ane 3 BUCOKMMM [O3aMK
artopsacTatuHy (>10 mr).

KnoyoBi crioBa: XpoHiyHa cepLeBa HeJOCTaTHICTb, iHribiTopn Ald, aHTaroHicT MiHepanokopTukoigHMX peuentopos (AMP), piypeTuku,
CTaTWHU, MiKYBaHHS.

AxTyanbHi nuTaHHA papMaLeBTUYHOI i MeaWYHOI Hayku Ta npakTuku. 2021. T. 14, Ne 2(36). C. 226-231

CyLuecTBYHOT N1 NpenmyLLecTBa HU3kux go3 MATN®, AMP, auypeTUKOB 1 CTaTUHOB NPU NEYEHNUN
XPOHUYECKON CepAeYHOI HeJOCTaTOYHOCTU?

B. A. JlbiceHko

JleyeHne xpoHuyeckon cepaeyHoi HegoctatouHocTh (XCH) oueHb npoTuBopeurBo. Bonpoc 06 onTtumarnbHbix 4o3ax 6eTa-agpeHobno-
KaTopoB, UHrMBuTOpoB A, aHTaroHNCTOB PELLENTOPOB anbAOCTEPOHA, CTaTUHOB Y nauueHToB ¢ XCH okoH4aTensHo He pelueH. [o-
CTUXEHVEe MaKCMarnbHO NepeHOCUMbIX 103 NEKapCTB XOTS U CBA3aHO CO CHXKEHMEM CMEPTHOCTH, HO COMPOBOXAAETCS YBENMYEHNEM
no60oYHbIX 3HPEKTOB NpenapaTos.

Llenb pabotkbl — npefctaBuTth M 06CyAnTb COBCTBEHHbIE KIMHUYECKME U HAyYHbIE AaHHbIE, Kacatolmecs ponn Geta-aapeHobnoka-
TOPOB, MHIMBUTOPOB PEHNH-AHMMOTEH3MHOBOW anbAOCTEPOHOBON CUCTEMbI, ANYPETVKOB, CTATMHOB B neveHun 6onbHbix XCH, a Takke
ONTUMM3ALMN PEXMMOB [O3MPOBaHNSI.

MaTepuansl n metogsl. B uccnegosanme sknoumnm 88 6onbHbix XCH milemmyeckoro reHesa ¢ CMHycoBbIM putMmom, || A-B ctaguu,
II-IV ®K no NYHA: 58 yenoBek co cHimkeHHon ®B, 30 — c coxpaHeHHo ®B neBoro xenygoyka. CpenHuii Bo3pacTt BomnbHbIX —
69,18 + 9,97 roga, 52 % MyxuuH (n = 46). MeanaHa HabnogeHus 3a 6onbHbIMM ¢ XCH cocTaBuna 396 aHel, MakcumanbHoe
KONMMYecTBO AHew HabnogeHuns — 1302. 3a nepvog HabnoaeHus 3apernctpupoBany 14 KOHeYHbIX Touek, YTo coctasumno 15,91 %
cobbiTuin: 7 (8 %) cmepten, 2 (2,3 %) uHcyneta, 2 (2,3 %) cnyvas octporo kopoHapHoro cuiapoma, 3 (3,4 %) cnyyas nporpeau-
€HTHOW CepaeYHON HeQoCTaTOYHOCTM.

BbIk1BaEMOCTb OLeHWBanK nyTeM NocTpoeHuUst KpuBbIx KannaHa—Maiiepa, a BepOSiTHOCTb pasHuLbl MEXy rpynnamu paccymutaHa no
kpuTepusim FexaHa—BunkokcoHa, Kokca—MaHTena u log-rank test. OnpepeneHb! hakTopbl pucka 1 MOCTPOEHbI YHU- U MyTETUBapUaHTHbIE
MOZENY NPOrHO3a PerpeccMoHHbIM aHasn3oM NponopLMoHarbHbIX puckos Kokca. ROC-aHann3oM yCTaHoBMeHb! NpeaenbHble 3Ha4eHus!
KONMUYECTBEHHbIX (DAKTOPOB piCKa.

PesynkraThl. YBEnuMyeHne oTHOCUTENbHOTO pucka HebnaronpusATHLIX KapAnoBackynsapHbIX cobbiTuil y 6onbHbIx XCH Hesasucmo
oT ®B neBoro xenygoyka accouMmMpoBanoch ¢ CyTO4HOW o030 kapeegunona bonee 25 mr (OP = 1,05; 95 % AW 1,009-1,093;
p = 0,0171); annepeHoHa Gonee 12,5 mr (OP = 1,073; 95 % [OW 1,005-1,144; p = 0,034), Topacemumaa Gonee 5 mr (OP = 1,13;
95 % AN 1,021-1,255; p = 0,019) posysactatuHa 6onee 10 mr (OP = 1,107; 95 % [OW 1,007-1,203; p = 0,035) u TeHaeHumei npu
npuMeHeHUn atopeacTaTtuHa B fose meHee 10 mr (OP = 1,05; 95 % W 0,951-1,165; p = 0,327). MNpumeHeHve pamunpuna B go3e
MeHee 2,5 Mr conpoBOXanoch TEHAEHUMEN K YMEHbLUEHMIO HA 22 % OTHOCUTENbHOTO pycka HEBNaronpuSATHBIX KapAMOBaCKYNAPHbIX
cobbitun (OP = 0,78; 95 % W 0,384-1,580; p = 0,491).

BeiBopakl. MNonoxuTtenbHble pesynbrathl neveHns 6onbHbIx ¢ XCH HesaBrcMmo oT heHoTHNa accoLMmMpoBanich C HU3KUMM CyTOYHBIMU
fo3amu pamunpuna (<2,5 mr), annepeHoHa/cnupoHonakToHa (<12,5 mr), Topacemuga (<5 mr), podyeactatuHa (<10 Mr), HO BbICOKUMU
no3amu atopsacTatuHa (>10 mr).

KntoyeBkle crioBa: XpoHuYeckasl cepaedHast HeLoCTaTo4HOCTb, MHIMBUTOPLI AT®, aHTaroHUCTbI MUHEPATIOKOPTUKOMAHbIX PeLenTopoB
(AMP), onypeTukm, CTaTWHbI, NEYEHNE.

AxTyanbHble Bonpochl (hapMaLeBTMYEeCKON U MeaULUMHCKON Hayku u npakTuku. 2021. T. 14, Ne 2(36). C. 226-231

Chronic heart failure (CHF), a major cardiovascular disorder,
remains a grievous clinical condition regardless of advances
in medical care [1].

CHF is associated with impaired functional capacity, as
well as significant morbidity due to frequent hospitalizations.
Unfortunately, despite its poor prognosis, the management
of CHF is very controversial and no therapy has been so
far shown to reduce mortality, especially in heart failure
with preserved ejection fraction (HFpEF) [2]. The aim of

personalized medicine is to offer a tailored approach to each
patient in order to provide the most effective therapy, while
reducing risks and adverse effects, and avoiding unnecessary
treatments [3].

The issue of optimal doses of beta-blockers, ACE inhibi-
tors, aldosterone receptor antagonists, statins in CHF patients
has not been finally resolved. Achieving the maximum tole-
rated doses of drugs, though related to reduced mortality,
but is accompanied by an increase in adverse drug reactions.
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Aim

To present and discuss our own clinical and scientific
data concerning the role of beta-blockers and inhibitors of
the renin-angiotensin aldosterone system, diuretics, statins
in the treatment of patients with HFrEF and HFpEF and
optimization of dosage schemes.

Materials and methods

The study was conducted on the clinical base of the De-
partment of Propaedeutics of Internal Medicine, Radiation
Diagnostics and Radiation Therapy (Zaporizhzhia State
Medical University) in the Cardiology Department of City
Hospital No. 6 (Zaporizhzhia), in accordance with the Good
Clinical Practice guidelines and the principles of the Helsinki
Declaration. The study protocol was approved by the Ethics
Committee of Zaporizhzhia State Medical University.

After obtaining written informed consents, the study
included 88 patients with CHF of ischemic origin, stage II
AB, New York Heart Association (NYHA) II-TV functional
class (FC), 58 — with HFrEF and 30 — with HFpEF. The
mean age of patients was 69.18 + 9.97 years, men 52 %
(n = 46). Groups of patients with different left ventricular
ejection fraction (LV EF) were matched in age (P = 0.021),
height (P = 0.222), weight (P = 0.835), body surface area
(P = 0.587). CHF of ischemic origin was diagnosed in ac-
cordance with the Recommendations for the diagnosis and
treatment of CHF (2017) of the Association of Cardiologists
of Ukraine and the Ukrainian Association of Heart Failure [4].

The CHF patients with HFrEF and HFpEF did not differ
in the frequency of prescribing basic drugs for the treatment
of heart failure (7able ).

Mean therapeutic doses of drugs used to treat the CHF
patients are given in Table 2.

Groups of the CHF patients with different LV EF did not
differ in the mean daily doses of beta-blockers, ACE inhibi-
tors, ARBs, antiplatelet agents, statins (7able 3).

Groups of patients with CHF and different EF differed
significantly in daily doses of torasemide (P = 0.014) and
spironolactone (P = 0.028).

Cumulative endpoints were considered death, myocardial
infarction, stroke, progressive heart failure, and progressive
angina.

During the follow-up period (median 396 days [53-1302]),
14 endpoints were registered, which accounted for 15.91 %
of events: deaths 7 cases (8%), strokes 2 cases (2.3 %), myo-
cardial infarction 1 case (1.15 %), progressive angina 1 case
(1.15 %), progressive heart failure 3 cases (3.4 %). Endpoint
frequency analysis depending on the CHF phenotype did
not reveal a significant difference between the study groups,
18.97 % (11/58) vs. 10 % (3/30); log-rank test (P = 0.378).

Since there were no statistical differences in the number of
cumulative endpoints between the groups of CHF patients
with reduced and preserved LV EF, in order to determine
the effects of therapy on adverse events in this cohort of pa-
tients, a single database was created combining all the CHF
patients regardless of LV EF (n = 88).

Table 1. Frequency of prescribing basic and additional drugs to the CHF
patients

beta-blockers 98 % (n = 97 % (n = 0.7694
ACEi/ARB 93 % (n =54) |97 % (n = 29) |0.4427
— ramipril 39 %(n =254) |23 %(n = 54) |0.1355
MRAs 100 % 100 % 1.0000
— eplerenone 67 % (n =39) [53 %(n = 16) |0.2026
— spironolactone 33 % (n =19) [47 %(n = 14) |0.2026
Loop diuretics 95 % (n = 55) [77 % (n = 23) |0.0127
— torasemide 84 % (n =49) |77 % (n = 23) |0.4239
— furosemide 1 % (n = 6) 0% =0) 0.0766
Thiazide-like diuretics 15 %M =9) |23 %(n=7) |0.3542
Statins 97 % (n = 56) |97 % (n = 29) |1.0000
— atorvastatin 62 % (n = 36) [67 % (n = 20) |0.6450
— rosuvastatin 34 % =20) |30 %(n=9) |0.7054
Antiplatelet agents 100 % 100 % 1.0000
— aspirin 47 % (n = 27) [40 % (n = 12) [0.5923
— clopidogrel 53 % (n =31) |60 %(n = 18) |0.5329

Table 2. The mean therapeutic doses of drugs used to treat the CHF
patients (n = 88)

Class of drugs Name of drugs Mean dose, M £ SD

Bisoprolol 418 + 1.71
Beta-blockers

Carvedilol 15.17 + 11.09

Ramipril 270 + 1.99
ACEi Enalapril 8.125 + 6.22

Perindopril 5.09 + 242

Valsartan 184.00 + 75.89
ARB

Candesartan 12.00 + 4.61
Loop diuretics Torasemide 8.40 + 4.50

Eplerenone 2477 + 9.46
MRA

Spironolactone 21.02 + 8.24

Clopidogrel 75.02 + 0.14
Antiplatelet agents

Aspirin 78.21 + 8.46

Atorvastatin 20.89 + 5.80
Statins

Rosuvastatin 14.23 + 8.57

Statistical processing of the material was performed using
the software package Statistica 13.0 (StatSoft, USA), license
number JPZ8041382130ARCN10-J. The Shapiro—Wilk
test was used to test the normality of the quantitative data.
The parameters with normal distribution were presented as
the arithmetic mean and standard deviation (M £ SD). The
results without normal distribution were demonstrated by
descriptive statistics as median, lower and upper quartiles —
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Table 3. Mean daily doses of drugs used in the treatment of CHF patients
with reduced and preserved LV EF

Mean daily Mean daily

doses of drugs | doses of drugs

in patients in patients

with HFrEF, with HFpEF,

M  SD M  SD
Eplerenone 25.64 + 9.48 22,65 £ 9.37 0.292
Spironolactone 23.68 + 8.22 17.41 £ 7.01 0.028
Carvedilol 1641 £ 1226 | 11.46 + 522 0.183
Bisoprolol 453 + 1.88 375 + 144 0.228
Ramipril 272 £ 212 2.68 + 1.68 0.965
Enalapril 8.67 + 7.08 6.67 + 2.89 0.661
Perindopril 6.67 + 2.31 450 + 2.33 0.202
Valsartan 200.00 + 80.00 [173.33 + 78.66 |0.615
Candesartan 10.66 + 4.61 16.00 + 0.00 0.422
Atorvastatin 21.67 + 6.96 19.50 + 2.24 0.183
Rosuvastatin 15.88 + 9.88 1111 £ 417 0.181
Clopidogrel 75.00 + 0.00 75.00 + 0.00 1.00
Aspirin 76.85 + 6.67 8125 + 11.31 |0.136
Torasemide 9.29 + 5.00 6.52 + 2.35 0.014

Me (Q,; Q.,). The quantitative variables normally and
non-normally distributed in the groups were compared by
T-test or Mann—Whitney test, respectively, after ascertaining
the normality of distribution. Using Cox proportional hazards
regression analysis, univariate and multivariate prognostic
models were constructed. The ROC analysis was performed
to find out the cut-off values of the parameters. The survival
function was estimated via the Kaplan—Meier multiple esti-
mation method. Gehan’s Wilcoxon Test, Cox—Mantel Test,
Log-rank-test were used to compare cumulative endpoints
in the groups. The difference was considered statistically
significant at a P-value < 0.05. All the tests were two-tailed.

Results

The study analyzed the effect of main drug classes and their
daily doses on the cumulative endpoints.

The choice of beta-blocker (bisoprolol or carvedilol) did
not affect long-term treatment outcomes (Log-Rank Test,
P = 0.234). In addition, no dependence was found in using
different doses of bisoprolol. At the same time, carvedilol
in a daily dose of more than 25 mg was associated with
an increased relative risk of adverse cardiovascular events
(HR = 1.05;95 %CI11.009-1.093;P = 0.0171) in the CHF
patients, regardless of LV EF.

The relative risk of adverse cardiovascular events demon-
strated a decreasing trend by 22 % (HR = 0.78; 95 % CI
0.384-1.580; P = 0.491) associated with low daily doses of
ramipril (less than 2.5 mg).

A comparison of mineralocorticoid receptor antagonists
(MRAs) effect on the cumulative endpoints showed no

statistically significant difference between use of spirono-
lactone and eplerenone (Log-Rank Test WW = 0.03843;
Sum = 12.726; Var = 3.0170; Test statistic = 0.0221269;
P = 0.98235). However, the eplerenone administration in
doses of more than 12.5 mg unlike spironolactone in doses of
more than 12.5mg (P = 0.800) was associated with increased
risk of possible adverse cardio-vascular events (HR = 1.073;
95 % CI 1.005-1.144; P = 0.034).

Similar data were obtained analyzing the effect of loop
diuretic torasemide on the cumulative endpoints. Torasemide
in a daily dose of more than 5 mg significantly increased
the relative risk of adverse events (HR = 1.13; 95 % CI
1.021-1.255; P = 0.019).

As for the other classes of drugs effect on the cumulative
endpoints in the CHF patients, the dependence of the re-
sults on the daily dose of statins is noteworthy. The use
of rosuvastatin in a daily dose of more than 10 mg was
associated with an increase in the relative risk of cardiovas-
cularevents by 10 % (HR=1.101;95 % CI 1.007—-1.203;
P = 0.034). Despite the lack of a significant difference
between the effect of rosuvastatin and atorvastatin on
the cumulative endpoints in the CHF patients (Log-Rank
Test WW = -0.3304; Sum = 12.627; Var = 2.7681; Test
statistic = -0.198585; P = 0.84259), such an association
was not confirmed when using atorvastatin (Log-Rank
Test, p = 0.435). In addition, the ROC analysis showed
a reverse trend towards increased relative risk of adverse
cardiovascular events in the CHF patients taking atorvas-
tatin in doses less than 10 mg per day.

Discussion

Beta-blockers and drugs that affect the renin-angiotensin-al-
dosterone system (ACE inhibitors / ARBs) have proven to
be highly effective in the treatment of patients with CHF in
numerous randomized controlled trials, and their combina-
tion remains a cornerstone of basic therapy. We did not find
any difference in the effect of bisoprolol and carvedilol on
the endpoints among the CHF patients in our study. However,
it should be noted that an increase in the number of adverse
events with increasing dose of carvedilol was observed. In
our opinion, this association of an increased risk of adverse
cardiovascular events with daily doses of carvedilol over
25 mg was due to the need to prescribe higher doses for
the CHF patients with more severe disease.

An interesting result of our study was a22 % reduction in
the relative risk of adverse cardiovascular events in the CHF
patients associated with low daily doses of ramipril (less than
2.5 mg). In real clinical practice, 80 % of CHF patients re-
ceive doses of ACE inhibitors lower than the recommended.

Studies [5] have proven an absence of significant difference
between the effects of low and high doses of ACE inhibitors
on mortality (HR = 0.95; 95 % CI 0.87-1.02; P = 0.15),
rehospitalization for decompensated HF (HR = 0.94;95 %
CI 0.70-1.26; P = 0.68), as well as 2 times less incidence
of hyperkalemia at low doses (Odds ratio = 2.07;95 % ClI,
1.20-3.59; P = 0.01).
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In respect of diuretics, loop diuretics were prescribed
significantly less often (77 % vs. 95 %; P = 0.0127) in
the patients with HFpEF in our study, which is fully com-
patible with international and Ukrainian recommendations
for the treatment of CHF patients. Groups of CHF patients
with different EF also differed significantly in daily doses of
torasemide (P = 0.014) and spironolactone (P = 0.028). It
is obvious that patients with HFrEF required higher doses
of these diuretics due to more pronounced fluid retention in
the body.

The study on different doses of torasemide effect on cu-
mulative endpoints allowed us to find that higher doses of
the drug were associated with an increased relative risk of
adverse cardiovascular events in the CHF patients. It is worth
mentioning that this effect was not associated with the drug,
but with the need to prescribe higher doses of torasemide in
the CHF patients with a more severe course, i.e. with severe
fluid retention.

Concerning spironolactone, our study showed the upward
trend of risks similar to torasemide, but it did not reach
the level of statistical significance (HR = 1.02; 95 % CI
0.894-1.157; P = 0.800). The increased risk of adverse
events was observed at doses of spironolactone more than
12.5 mg (the area under the ROC curve 0.556; P = 0.725),
but not significant.

No statistically significant difference between the groups of
patients who used spironolactone or eplerenone (Log-Rank
Test, WW = 0.03843, Sum = 12.726, Var = 3.0170, Test
statistic = 0.0221269, P = 0.98235) was revealed by com-
paring the effect of mineralocorticoid receptor antagonists on
cumulative endpoints. However, only the eplerenone use at
doses more than 12.5 mg per day in contrast to spironolac-
tone at the same doses, was associated with the significantly
increased risk of adverse cardiovascular events by 7 %
(P = 0.034).

The positive effect of MRAs in cardiac pathology has
been proven in studies RALES [6], TOPCAT [7]. It has been
shown that even low doses of MRAs provide a protective
effect. The use of high doses of MRAs increased the risk of
hyperkalemia. In the EMPHASIS HF study, the incidence of
hyperkalemia (K+ >5.5 mmol/L) was 11.8 % in the eplere-
none group and 7.2 % in the placebo group (P < 0.001).
Importantly, a significant difference in the incidence of
hyperkalemia in patients receiving eplerenone or placebo
did not lead to an increase in mortality. A post hoc analysis
of the EPHESUS study also showed that in patients with
congestive heart failure, a 4.4 % increase in the incidence
of hyperkalemia in the eplerenone group was not accom-
panied by an increase in a mortality or hospitalization rate
[8]. Similar results were obtained in the RALES study with
spironolactone treatment [6].

A multicenter, prospective, randomized, double-blind,
placebo-controlled study of Aldo-DHF examined the effect
of spironolactone at a daily dose of 25 mg compared with
placebo on the diastolic function and physical well-being of
422 patients with HFpEF. The observation period for patients
was 12 months. Spironolactone improved diastolic function

and caused reverse LV remodeling, but did not affect maximal
exercise, patient symptoms, or the quality of life [9].

In arandomized double-blind trial TOPCAT, which includ-
ed 3445 individuals, patients with symptomatic heart failure
and EF >45 % were randomized to receive spironolactone
15-45 mg per day or placebo. The mean follow-up was 3.3
years. In this study, spironolactone did not significantly re-
duce morbidity, the primary cumulative point — death from
cardiovascular causes, cardiac arrest or hospitalization rate
due to progression of heart failure [7].

In a large meta-analysis of 16.321 patients from 15 ran-
domized controlled trials, MRA therapy reduced the risk of
cardiovascular death, all-cause mortality, and cardiac hospi-
talization rate in patients with HFrEF, but these benefits were
not demonstrated in patients with HFpEF [2].

In a meta-analysis of 14 randomized controlled clinical
trials involving 6 428 patients with HFpEF or myocar-
dial infarction with preserved EF, MRA therapy reduced
the number of hospitalizations for CHF by 17 %, improved
diastolic function, and resulted in improved remodeling and
life. However, MRA therapy had not been able to reduce
all-cause mortality [10].

Statins are usually prescribed to patients with CHF of
ischemic origin to prevent cardiovascular complications.
Analysis of the statin effect on the endpoints in our study
suggests that these drugs have dose-dependent properties.
So, the clinical efficacy of atorvastatin in the CHF patients
increased with increasing dose, while the best long-term re-
sults were observed when using rosuvastatin in a daily dose
of less than 10 mg. Similar results were obtained in the study
PROVE-IT TIMI [11]: high doses of atorvastatin to a greater
extent than high doses of pravastatin reduced the risk of
developing CHF in patients with acute coronary syndrome
(HR=0.55;95 %CI,0.35-0.85,P = 0.008). However, these
data relate to the primary prevention of CHF in patients with
acute coronary syndrome.

The influence of molecular differences of statins on their
pharmacological and pleiotropic effects is probably important.
The cardiac effects of atorvastatin may be related to its lipo-
philic properties and ability to penetrate cardiomyocytes as
opposed to hydrophilic rosuvastatin. However, in the PEARL
study [12] with lipophilic pitavastatin in CHF patients,
there were no differences in the frequency of the primary
endpoint (hospitalization due to worsening of heart failure
and cardiac death) compared with a placebo group. In this
study, a subgroup of patients with EF >30 showed a slightly
lower incidence of primary endpoint on pitavastatin treatment
compared with placebo, whereas patients with EF <30 %
taking this drug, in contrast, demonstrated a tendency to
reach it more frequently.

The non-lipid effects of rosuvastatin have the potential to
promote endogenous tissue regeneration and improve LV EF
in CHF. Rosuvastatin has been shown to activate circulating
progenitor cells in CHF, which promotes neovascularization
and enhances endothelial function. Correction of vascular
abnormalities partially led to an increase in LV function by
+27 % (P < 0.001, compared with placebo) [13].
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Are there benefits of low doses of ACE inhibitors, MRAS, diuretics and statins in the treatment of heart failure?

Despite the positive preconditions for the rosuvastatin
action in heart failure patients in the UNIVERSE study,
negative results were obtained with the use of rosuvastatin in
CHEF. The authors believe that the expected beneficial effect of
26 weeks of statin therapy on cardiac remodeling may have
been offset by an increase in collagen metabolism markers
(Serum types I and III N-terminal procollagen peptide (PINP
and PIIINP), and a decrease in plasma CoQ10 levels in CHF
patients [14]. However, treatment with any statin, not just
rosuvastatin, reduces circulating CoQ10. This effect of statins
is not associated with drug solubility, intensity or duration
of treatment [15].

Conclusions

Positive treatment outcomes (according to the Cox pro-
portional-hazards regression analysis) in the CHF patients,
regardless of the phenotype, were associated with low daily
doses of ramipril (<2.5 mg), eplerenone/spironolactone
(<12.5 mg), torasemide (<5 mg), rosuvastatin (<10 mg), but
with high doses of atorvastatin (>10 mg).

Conflicts of interest: author has no conflict of interest to declare.
KoHdpnikT iHTepeciB: BigcyTHiN.

Information about author:

Lysenko V. A., MD, PhD student of the Department of Propaedeutics of
Internal Medicine, Radiation Diagnostics and Therapy, Zaporizhzhia State
Medical University, Ukraine.

ORCID ID: 0000-0001-7502-0127

BinomocTi npo aBTopa:

TINucenko B. A., PhD-acnipaHT kadb. nponeaeBTVKN BHYTPILLIHBOT
MeAMLMHW, MPOMEHEBOI AiarHOCTUKM Ta NPOMeHeBoi Tepanii, 3anopisbkui
[lepXaBHUI MeAUYHWIA YHIBEpCUTET, YkpaiHa.

CBepgeHus o6 aBTope:

Neicenko B. A., PhD-acnupaHT kad. nponesesTuky BHyTPEHHeN
MeaVLMHbI, NTy4eBO ANArHOCTUKM U Ny4eBON Tepanum, 3anopoxckuin
roCyAapCTBEHHbIN MEANLIMHCKIIA YHUBEPCUTET, YkpaunHa.

References

[1] Abebe, T.B., Gebreyohannes, E. A, Tefera, Y. G., Bhagavathula, A. S.,
Erku, D. A., Belachew, S. A., Gebresillassie, B. M., & Abegaz, T. M.
(2018). The prognosis of heart failure patients: Does sodium level
play a significant role?. PloS one, 13(11), €0207242. https://doi.
ora/10.1371/journal.pone.0207242

[2] Kosmas, C. E., Silverio, D., Sourlas, A., Montan, P. D., & Guz-
man, E. (2018). Role of spironolactone in the treatment of heart failure
with preserved ejection fraction. Annals of translational medicine,
6(23), 461. https://doi.org/10.21037/atm.2018.11.16

[3] Ferreira, J. P, Mentz, R. J., Pizard, A., Pitt, B., & Zannad, F. (2017).
Tailoring mineralocorticoid receptor antagonist therapy in heart failure
patients: are we moving towards a personalized approach?. European
journal of heart failure, 19(8), 974-986. https://doi.org/10.1002/ejhf.814

[4] Voronkov, L. H., Amosova, K. M., Dziak, H. V., Zharinov, O. Y., Kova-
lenko, V. M., Korkushko, O. V., Nesukai, O. H., Parkhomenko, O. M.,
Rudyk, Yu. S., & Sychov, O. S. (2017). Rekomendatsii Asotsiatsii
kardiolohiv Ukrainy z diahnostyky ta likuvannia khronichnoi sertsevoi
nedostatnosti (2017) [Recommendation of Association of Cardiologists
of Ukraine for the treatment of chronic heart failure in adults (2017)].
Kyiv. [in Ukranian].

[6] Khan, M. S., Fonarow, G. C., Ahmed, A., Greene, S. J., Vadugana-
than, M., Khan, H., Marti, C., Gheorghiade, M., & Butler, J. (2017).
Dose of Angiotensin-Converting Enzyme Inhibitors and Angiotensin

(6]

[7]

(8]

(9]

[10]

(1

[12]

[13]

[14]

[15]

Receptor Blockers and Outcomes in Heart Failure: A Meta-Analysis.
Circulation. Heart failure, 10(8), €003956. https://doi.org/10.1161/
CIRCHEARTFAILURE.117.003956

Ferreira, J. P., Rossello, X., Eschalier, R., McMurray, J., Pocock, S.,
Girerd, N., Rossignol, P., Pitt, B., & Zannad, F. (2019). MRAs in El-
derly HF Patients: Individual Patient-Data Meta-Analysis of RALES,
EMPHASIS-HF, and TOPCAT. JACC. Heart failure, 7(12), 1012-1021.
https://doi.org/10.1016/j.jchf.2019.08.017

Fudim, M., Kelly, J. P., Brophy, T. J., DeVore, A. D., Hammill, B. G.,
Peterson, E. D., Pitt, B., Yancy, C., Fonarow, G. C., & Hernandez, A. F.
(2020). Trends in Treatment for Patients Hospitalized with Heart
Failure with Preserved Ejection Fraction Before and After Treatment
of Preserved Cardiac Function Heart Failure With an Aldosterone
Antagonist (TOPCAT). The American journal of cardiology, 125(11),
1655-1660. https://doi.org/10.1016/j.amjcard.2020.02

Murphy, S. P., Ibrahim, N. E., & Januzzi, J. L., Jr (2020). Heart Failure
With Reduced Ejection Fraction: A Review. JAMA, 324(5), 488-504.
https://doi.org/10.1001/jama.2020.10262

Edelmann, F., Wachter, R., Schmidt, A. G., Kraigher-Krainer, E.,
Colantonio, C., Kamke, W., Duvinage, A., Stahrenberg, R., Durstew-
itz, K., Loffler, M., Diingen, H. D., Tschépe, C., Herrmann-Lingen, C.,
Halle, M., Hasenfuss, G., Gelbrich, G., Pieske, B., & Aldo-DHF In-
vestigators (2013). Effect of spironolactone on diastolic function and
exercise capacity in patients with heart failure with preserved ejection
fraction: the Aldo-DHF randomized controlled trial. JAMA, 309(8),
781-791. https://doi.org/10.1001/jama.2013.905

Chen, Y., Wang, H., Lu, Y., Huang, X., Liao, Y., & Bin, J. (2015). Effects
of mineralocorticoid receptor antagonists in patients with preserved
ejection fraction: a meta-analysis of randomized clinical trials. BMC
medicine, 13, 10. https://doi.org/10.1186/s12916-014-0261-8
Tsuda, K., Kataoka, Y., Ogata, S., Nishimura, K., Nishikawa, R.,
Doi, T., Nakashima, T., Hosoda, H., Honda, S., Kawakami, S., Fuiji-
no, M., Nakao, K., Yoneda, S., Nishihira, K., Otsuka, F., Tahara, Y.,
Asaumi, Y., Hoshiga, M., Noguchi, T., & Yasuda, S. (2020). Diminished
response to statins predicts the occurrence of heart failure after acute
myocardial infarction. Cardiovascular diagnosis and therapy, 10(4),
705-716. https://doi.org/10.21037/cdt-20-415

Takano, H., Mizuma, H., Kuwabara, Y., Sato, Y., Shindo, S., Kotoo-
ka, N., Fujimatsu, D., Kobayashi, Y., Inoue, T., Node, K., Komuro, |.,
& PEARL Study Investigators (2013). Effects of pitavastatin in Japa-
nese patients with chronic heart failure: the Pitavastatin Heart Failure
Study (PEARL Study). Circulation journal, 77(4), 917-925. https://doi.
org/10.1253/circj.cj-12-1062

Erbs, S., Beck, E. B., Linke, A., Adams, V., Gielen, S., Krankel, N.,
Méobius-Winkler, S., Héllriegel, R., Thiele, H., Hambrecht, R., &
Schuler, G. (2011). High-dose rosuvastatin in chronic heart failure
promotes vasculogenesis, corrects endothelial function, and improves
cardiac remodeling--results from a randomized, double-blind, and
placebo-controlled study. International journal of cardiology, 146(1),
56-63. https://doi.org/10.1016/}.ijcard.2010.02.019

Ashton, E., Windebank, E., Skiba, M., Reid, C., Schneider, H., Rosen-
feldt, F., Tonkin, A., & Krum, H. (2011). Why did high-dose rosuvastatin
not improve cardiac remodeling in chronic heart failure? Mechanistic
insights from the UNIVERSE study. International journal of cardiology,
146(3), 404-407. https://doi.org/10.1016/L.ijcard.2009.12.028

Qu, H., Meng, Y. Y., Chai, H., Liang, F., Zhang, J. Y., Gao, Z. Y., &
Shi, D. Z. (2018). The effect of statin treatment on circulating coen-
zyme Q10 concentrations: an updated meta-analysis of randomized
controlled trials. European journal of medical research, 23(1), 57.
https://doi.org/10.1186/s40001-018-0353-6

ISSN 2306-8094

AKTyanbHi NMTaHHA hapmaLeBTUYHOI | MeanYHOI Haykmn Ta npaktvku. — 2021. — T. 14, Ne2(36)

231


https://orcid.org/0000-0001-7502-0127
https://doi.org/10.1371/journal.pone.0207242
https://doi.org/10.1371/journal.pone.0207242
https://doi.org/10.21037/atm.2018.11.16
https://doi.org/10.1002/ejhf.814
https://doi.org/10.1161/CIRCHEARTFAILURE.117.003956
https://doi.org/10.1161/CIRCHEARTFAILURE.117.003956
https://doi.org/10.1016/j.jchf.2019.08.017
https://doi.org/10.1016/j.amjcard.2020.02
https://doi.org/10.1001/jama.2020.10262
https://doi.org/10.1001/jama.2013.905
https://doi.org/10.1186/s12916-014-0261-8
https://doi.org/10.21037/cdt-20-415
https://doi.org/10.1253/circj.cj-12-1062
https://doi.org/10.1253/circj.cj-12-1062
https://doi.org/10.1016/j.ijcard.2010.02.019
https://doi.org/10.1016/j.ijcard.2009.12.028
https://doi.org/10.1186/s40001-018-0353-6

	232175_Lysenko
	Article  info
	UDC
	DOI
	Key words
	E-mail

	Abstract
	Abstract_UA
	Abstract_RU

	Introduction
	Aim 
	Materials and methods 
	Results 
	Discussion 
	Conclusions 
	Conflicts of interest
	Information about author
	Відомості про автора
	Сведения об авторе

	References

	Tables
	Table 1. Frequency of prescribing basic and additional drugs to the CHF patients
	Table 2. The mean therapeutic doses of drugs used to treat the CHF patients (n = 88)
	Table 3. Mean daily doses of drugs used in the treatment of CHF patients with reduced and preserved LV EF


